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(54) Heterojunction bipolar transistor and method for fabricating the same 



(57) In the method for fabricating a semiconductor 
device of the present invention, a collector layer of a first 
conductivity type is formed in a region of a semiconduc- 
tor substrate sandwiched by device isolation. A collector 
opening is formed through a first insulating layer depos- 
ited on the semiconductor substrate so that the range of 
the collector opening covers the collector layer and part 
of the device isolation. A semiconductor layer of a sec- 
ond conductivity type as an external base is formed on 
a portion of the semiconductor substrate located inside 
the collector opening, while junction leak prevention lay- 
ers of the same conductivity type as the external base 
are formed in the semiconductor substrate. Thus, the 
active region is narrower than the collector opening 
reducing the transistor area, while minimizing junction 
leak. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semioon- s 
ductor device and a method for fabricating the semicon- 
ductor device, and more particularly, relates to a hetero 
bipolar transistor, a Bi-CMOS device including the het- 
ero bipolar transistor, and methods for fabricating such 
devices. 

[0002] In recent years, the development of hetero 
bipolar transistors (HBT) is in progress at rapid paces. 
The HBT, which is a bipolar transistor formed on a sili- 
con substrate constituting a heteroj unction structure 
such as Si/SiGe and Si/SiC together with the silicon 
substrate, is expected to be able to exhibit further 
improved conductivity characteristics for realizing oper- 
ation in a higher-frequency range. The HBT is formed by 
growing a SiGe layer on a Si substrate by epitaxy to 
form a Si/SiGe heterojunction structure, for example. 
This heterojunction structure can be utilized to realize a 
transistor capable of operating in a high-frequency 
range. Such operation was only possible by transistors 
using a compound semiconductor substrate such as 
GaAs. The HBT is composed of materials having good 
compatibility for general silicon processes, such as the 
Si substrate and the SiGe layer, thereby providing great 
advantages of realizing a large scale of integration and 
low cost. In particular, by integrating such HBT and 
MOS transistors (MOSFETs) on a common Si sub- 
strate, a high-performance Bi-CMOS device can be 
realized. Such a Bi-COMS device has a great potential 
as a system LSI applicable in the field of telecommuni- 
cations. 

[0003] As a bipolar transistor constituting a Bi- 
CMOS device, hetero bipolar transistors having a heter- 
ojunction structure such as Si/Si^Gex and Si/Si-j.yCy 
have been proposed and prototypes thereof have been 
fabricated. The HBT of Si/Si i. x Ge x type, among others, 
is considered promising. As one reason, the band gap 
can be continuously tuned by utilizing the property that 
Si and Ge can form an almost complete solid solution 
together and the property that the band gap changes by 
applied strain. In order to utilize this advantage, there 
have been made many proposals on SiGe-BiCMOS 
devices including Si-MOSFET and HBT of a Si/Si^Gex 
type formed on a common Si substrate. 
[0004] In such proposals on SiGe-BiCMOS 
devices, MOSFET and HBT are generally formed simul- 
taneously. By the simultaneous formation, the process 
can be simplified. For example, the gate insulating film 
of the MOSFET can be utilized as a layer for defining 
the collector opening of the HBT, and the gate electrode 
of the MOSFET and the base electrode of the HBT can 
be formed by patterning a common polysilicon film. 
[0005] For enhancing the performance of MOSFET, 
high-temperature annealing is required. In the simulta- 
neous formation of MOSFET and HBT described 



above, however, the annealing temperature must be 
controlled to avoid the performance of HBT from lower- 
ing. This may low r the performance of the MOSFET. 
Actually, when the performance of the MOSFET of the 
SiG -BiCMOS device is compared with that of MOS- 
FET of a standard CMOS device under the same design 
rule, it has been found that the former is inferior to the 
latter. 

[0006] In order to form a high-performance SiGe- 
BiCMOS device, therefore, it is now considered advan- 
tageous to first form MOSFET requiring a high anneal- 
ing temperature and thereafter form HBT Also 
considered advantageous is that since Ge is a contam- 
inant for a standard CMOS device fabrication line, HBT 
should preferably be formed separately from the MOS- 
FET fabrication process in order to prevent Ge from 
being mixed in the MOSFET. In particular, if a dedicated 
fabrication line is not prepared for SiGe-BiCMOS 
devices, the fabrication process of MOSFET should be 
definitely separated from that of HBT. In consideration 
of the above, the procedure of forming first MOSFET 
and thereafter HBT, not forming MOSFET and HBT 
simultaneously, would be advantageous in the fabrica- 
tion process of SiGe-BiCMOS devices. 
[0007] Figure 12 is a cross-sectional view of HBT 
formed in the procedure of forming first MOSFET and 
thereafter HBT in the conventional fabrication process 
of SiGe-BiCMOS devices. Referring to Figure 12, the 
upper portion of Si (001) substrate 500 constitutes a ret- 
rograde well 501 having a depth of 1 n m that contains 
n-type impurities such as phosphorous introduced 
therein by epitaxial growth, ion implantation, or the like. 
The density of the n-type impurities in the surface por- 
tion of the Si substrate 500 is adjusted to about 1x 10 17 
atoms • cm 3 . As device isolation, there are provided a 
shallow trench 503 filled with silicon oxide and a deep 
trench 504 composed of an undoped polysilicon film 
505 and a silicon oxide film 506 surrounding the 
undoped polysilicon film 505. The depth of the shallow 
trench 503 is about 0.35 n m and that of the deep trench 
504 is about 2 u m. 

[0008] A collector layer 502 is located in the region 
of the Si substrate 500 sandwiched by the adjacent 
trenches 503. An n + collector drawing layer 507 is 
located in the region of the Si substrate 500 isolated 
from the collector layer 502 by the shallow trench 503 
for connection of the collector layer 502 to an electrode 
via the retrograde well 501 . 

[0009] A first oxide film 508 having a thickness of 
about 30 nm is provided on the Si substrate 500. A col- 
lector opening 510 is formed through the first oxide film 
508. A Si/Si^Gex layer 511a is formed on the portion of 
the surface of the Si substrate 500 exposed inside the 
collector opening 510. The Si/Si i. x Ge x layer 511a is 
composed of a p-type impurity doped Si^Gex layer 
having a thickness of about 60 nm and a Si layer having 
a thickness of about 10 nm. The lower portion of the 
center of the Si/Si i. x Gex layer 511a (the center corre- 
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sponds to the lower region of a base opening 518 to be 
described later) serves as an internal base 519, while 
the upper portion of the center of the Si/Si^Ge,, layer 
51 1a serves as an emitter layer 
[0010] A second oxide film 512 having a thickness 
of about 30 nm is provided as an etch stopper on the 
Si/Si^Ge* layer 511a and the first oxide film 508. The 
second oxide film 512 has base junction openings 514 
and the base opening 518. A p + polysilicon layer 515 
having a thickness of about 1 50 nm is provided over the 
second oxide film 512 burying the base junction open- 
ings 51 4, and a third oxide film 51 7 is formed on the p + 
polysilicon layer 515. The portion of the Si/Si^Ge* 
layer 51 1a excluding the lower region of the base open- 
ing 518 and the p + polysilicon layers 515 constitute an 
external base 51 6. 

[001 1 ] An opening is formed through the p + polysil- 
icon layer 515 and the third oxide film 517 at a position 
located above the base opening 518 of the second 
oxide film 512. Fourth oxide films 520 having a thick- 
ness of about 30 nm are formed on the side faces of the 
p + polysilicon layer 515. On the fourth oxide films 520, 
sidewails 521 made of polysilicon having a thickness of 
about 100 nm are formed. An n + polysilicon layer 529 is 
provided on the third oxide film 517 burying the base 
opening 518. The n + polysilicon layer 529 serves as an 
emitter drawing electrode. The fourth oxide films 520 
electrically isolate the p + polysilicon layer 51 5 from the 
n + polysilicon layer 529, as well as blocking the impuri- 
ties in the p + polysilicon layer 515 from diffusing to the 
n + polysilicon layer 529. The third oxide film 517 electri- 
cally isolates the upper surface of the p + polysilicon 
layer 515 from the n + polysilicon layer 529. 
[001 2] Ti suicide layers 524 are formed on the sur- 
faces of the collector drawing layer 507, the p + polysili- 
con layer 515, and the n + polysilicon layer 529. The 
outer side faces of the n + polysilicon layer 529 and the 
p + polysilicon layer 51 5 are covered with sidewails 523. 
The resultant entire substrate is covered with an inter- 
layer insulating film 525, through which are formed con- 
tact holes respectively reaching the n + collector drawing 
layer 507, the p + polysilicon layer 515 as part of the 
external base, and the n + polysilicon layer 529 as the 
emitter drawing electrode. The contact holes are filled 
with tungsten (W) plugs 526, and metal interconnects 
527 extend on the interlayer insulating film 525 so as to 
be in contact with the W plugs 526. 
[0013] The width W1 of the base opening 518 is 
determined by the amount of wet etching of the second 
oxide film 512 as will be described later. Of the entire 
base composed of the internal base 519 and the exter- 
nal base 516, the substantial portion forming the pn 
junction together with the collector layer 502 is the por- 
tion of the Si/Si^Ge* layer 51 1a that is in contact with 
the collector layer 502. The width of this substantial 
base portion is determined by the width W3 of the col- 
lector opening 510 of the first oxide film 508. 
[0014] The Sii_ x Ge x layer is mostly doped with p- 



type impurities such as boron (B) at about 2 x 10 18 
atoms • cm' 3 , while the Si layer is doped by diffusion of 
n-type impurities such as phosphorous (P) from the n + 
polysilicon layer 529 in the density distribution between 

5 1x10 20 atoms • cm -3 and 1x10 17 atoms, cm" 3 . The Si 
layer is formed in succession on the Si^Gex layer so 
that the lower surface of the overlying n + polysilicon 
layer 529 be located farther from the pn junction so as 
to prevent recombination of carriers from being pro- 

io moted by a number of interface states and defects exist- 
ing in the n + polysilicon layer 529. 
[0015] The width W2 of the active region is deter- 
mined by the distance between the adjacent shallow 
trenches 503. The active region-isolation junctions Rai 

15 flunctions between the active region and the device iso- 
lation) are junctions between different materials of sili- 
con and silicon oxide, which tend to cause leak current 
through interface states. The width W2 of the active 
region is therefore designed to be larger than the width 

20 W3 of the collector opening 510 so that the active 
region-isolation junctions Rai be located outside the 
range of the collector opening 510 to minimize the influ- 
ence of the leak current. 

[001 6] SiGe islands 51 1 b exist on the first oxide film 

25 508, which are not deposited intentionally but are 
aggregates of Si and Ge atoms attached to the first 
oxide film 508 during the formation of the Si/Si^Ge* 
layer 51 1 a by ultra high vacuum chemical vapor deposi- 
tion (UHV-CVD) as will be described later. 

30 [0017] Hereinafter, the conventional fabrication 
method of the HBT shown in Figure 1 2 will be described 
with reference to Figures 13(a) and 13(b) through 16 
that are cross-sectional views illustrating the steps of 
the fabrication process. 

35 [0018] In the step shown in Figure 13(a), a Si sin- 
gle-crystalline layer is grown by epitaxy while being 
doped with n-type impurities, or grown by epitaxy fol- 
lowed by ion implantation, to form the n-type retrograde 
well 501 having a depth of about 1\i m in the upper por- 

40 tion of the Si (001) substrate 500. Alternatively, the ret- 
rograde well 501 may be formed by merely implanting 
ions in part of the Si substrate 500 without involving epi- 
taxial growth. In either case, it is necessary to adjust the 
density of the n-type impurities to about 1 x10 17 atoms • 

45 cm" 3 in the surface region of the Si substrate 500 that is 
to be the collector layer of the HBT. 
[001 9] Thereafter, the shallow trench 503 filled with 
silicon oxide and the deep trench 504 composed of the 
undoped polysilicon film 505 and the silicon oxide film 

so 506 surrounding the undoped polysilicon film 505 are 
formed as the device isolation so as to have depths of 
about 0.35 \x m and 2 ^ m, respectively. The region 
sandwiched by the adjacent shallow trenches 503 is 
defined as the collector layer 502. The collector drawing 

55 layer 507 for ensuring contact with the electrode of the 
collector layer 502 via the retrograde well 501 is formed 
in the region of the Si substrate 500 isolated from the 
collector layer 502 by the shallow trench 503. In this 
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step, the width W2 of the active region is determined by 
the distance between the adjacent shallow trench s 
503. 

[0020] Thereafter, a gate insulating film, a gate 
electrode, and source/drain regions as the basic struc- 5 
ture of each MOSFET of the CMOS device are formed 
by a normal fabrication method although illustration and 
description of this fabrication are omitted. 
[0021] In the step shown in Figure 13(b), the first 
oxide film 508 is deposited on the wafer to a thickness to 
of about 30 nm by chemical vapor deposition (CVD) 
using tetraethoxysilane (TEOS) and oxygen at a tem- 
perature of 680°C. The first oxide film 508 is then wet- 
etched with hydrofluoric acid or the like to form the col- 
lector opening 51 0 having the width W3 that is narrower 
than the width W2 of the active region for the reason 
described above. The portion of the surface of the Si 
substrate 500 exposed inside the collector opening 510 
is treated with a mixture of ammonium hydroxide and 
hydro peroxide to form a protection oxide film having a 
thickness of about 1 nm on the exposed portion. The 
resultant wafer in this state is placed in a chamber of a 
UHV-CVD apparatus, where the wafer is heat-treated in 
a hydrogen atmosphere to remove the protection oxide 
film and then a gas of disilane (Si 2 H 6 ) and germane 
(GeH 4 ) containing diboran (B2H 6 ) for doping is intro- 
duced into the chamber while heating to 550°C, to allow 
the Si-j. x Ge x layer to be grown by epitaxy to a thickness 
of about 60 nm on the exposed surface of the Si sub- 
strate 500 inside the collector opening 510. Subsequent 
to the formation of the Si^Gex layer, the supply gas to 
the chamber is changed to disilane to grow the Si layer 
having a thickness of about 1 0 nm by epitaxy on the Si^ 
x Ge x layer, thereby forming the Si/Si^Gex layer 511a. 
At this time, while the Si^Gex layer doped with boron 
(B) is of the p-type having a boron density of about 
2x1 0 1 8 atoms • cm" 3 , the Si layer is not doped with 
impurities. During the formation of the Si^Gex layer, 
disilane, germane, and diboran are also deposited on 
the surface of the first oxide film 508, which are however 
not crystallized but form aggregates of Si and Ge atoms 
as the SiGe islands 511 b. 

[0022] In the step shown in Figure 14(a), the sec- 
ond oxide film 512 having a thickness of 30 nm is 
formed on the resultant wafer, and then patterned by dry 
etching to form the base junction openings 514. By the 
formation of the base junction openings 514, the periph- 
eries of the Si/Si^xGex layer 511a and part of the first 
oxide film 508 are exposed, while the center of the 
Si/Si^Gex layer 511a is covered with the second oxide 
film 512. Since the SiGe islands 51 1 b are formed on the 
first oxide film 508, the surface of the second oxide film 
51 2 deposited on the first oxide film 508 has a consider- 
ably uneven profile. 

[0023] In the step shown in Figure 14(b), the p + 
polysilicon layer 515 doped with impurities at a high 
density of about 1 x10 20 atoms • cm' 3 or more is 
deposited to a thickness of about 150 nm on the wafer 



by CVD. Subsequently, the third oxide film 51 7 is depos- 
ited to a thickness of about 100 nm on the resultant 
wafer. The third oxide film 517 and the p + polysilicon 
layer 51 5 are then patterned by dry etching to form the 
base opening 518 at the centers thereof so as to reach 
the second oxide film 512. The base opening 518 is 
made smaller than the center portion of the second 
oxide film 512 so as not to overlap the base junction 
openings 514. Thus, in this step, the external base 516 
composed of the p + polysilicon layer 515 and the por- 
tion of the Si/Si i. x Ge x layer 511a excluding the center 
thereof is formed. During this step, in general, the side 
portions of the third oxide film 51 7 and the p + polysilicon 
layer 515 as viewed from the figure are also etched 
away. It should be understood that a larger area of the 
p + polysilicon layer 515 is left unetched on the left side 
as viewed from the figure for securing a region for base 
contact in a later stage. 

[0024] In the step shown in Figure 15(a), the fourth 
oxide film 520 having a thickness of about 30 nm and a 
polysilicon film having a thickness of about 150 nm are 
deposited by CVD on the entire surface of the resultant 
wafer. The polysilicon film is then etched back by aniso- 
tropic dry etching to form the sidewalls 521 made of 
polysilicon on the side faces of the p + polysilicon layer 
515 and the third oxide film 517 via the fourth oxide film 
520. The wafer is then subjected to wet etching with 
hydrofluoric acid to remove the exposed portions of the 
second oxide film 51 2 and the fourth oxide films 520. By 
this wet etching, the Si layer of the Si/Si^Gex layer 
511a is exposed inside the base opening 518. In addi- 
tion, since the wet etching is anisotropic, the second 
oxide film 512 and the fourth oxide film 520 are also 
etched in the transverse direction, resulting in increas- 
ing the size of the base opening 518. The width W1 of 
the base opening 518 is thus determined by the amount 
of this wet etching. Moreover, during this wet etching, 
the portions of the first oxide film 508 that are not cov- 
ered with the SiGe islands 51 1 b are also etched away, 
resulting in partly exposing the surface of the n + collec- 
tor drawing layer 507 and the like. 
[0025] In the step shown in Figure 15(b), the n + 
polysilicon layer 529 having a thickness of about 250 
nm is deposited and patterned by dry etching to form 
the emitter drawing electrode. After the etching, the 
deposited polysilicon is also left on the side faces of the 
p + polysilicon layer 515 as sidewalls. During the etching, 
also, the portions of the surface of the n + collector draw- 
ing layer 507 and the like exposed in the step shown in 
Figure 15(a) are etched by overetching of the n + polysil- 
icon layer 529, resulting in an uneven surface of the Si 
substrate 500. 

[0026] In the step shown in Figure 16, an oxide film 
having a thickness of about 120 nm is deposited on the 
resultant wafer and dry-etched to form the sidewalls 523 
on the side faces of the n + polysilicon layer 529 and the 
p + polysilicon layer 515. By this dry etching, also, the 
surfaces of the n + polysilicon layer 529, the p + polysili- 
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con layer 51 5, and th n + collector drawing layer 507 are 
exposed. 

[0027] Subsequently, the following processing is 
performed to obtain the structure shown in Figure 12. 
First, Ti is deposited to a thickness of about 40 nm on 
the entire surface of the resultant wafer by sputtering, 
and the resultant surface is subjected to RTA (rapid 
thermal annealing) at 675°C for 30 seconds to form the 
Ti silicide layers 524 on the exposed surfaces of the n + 
polysilicon layer 529, the p + polysilicon layer 515, and 
the n + collector drawing layer 507. After selective 
removal of the non-reacted portions of the Ti films, the 
resultant wafer is annealed to change the crystal struc- 
ture of the Ti silicide layers 524. 
[0028] The interlayer insulating film 525 is then 
formed over the entire surface of the wafer, and the con- 
tact holes are formed therethrough to reach the n + poly- 
silicon layer 529. the p + polysilicon layer 515, and the n + 
collector drawing layer 507. The contact holes are then 
filled with tungsten (W) films to form the W plugs 526. 
An aluminum alloy film is then deposited on the entire 
surface of the wafer and patterned to form the metal 
interconnects 527 extending on the interlayer insulating 
film 525 to be connected with the W plugs 526. 
[0029] By the process described above, the HBT 
having the structure shown in Figure 1 2, that is, the HBT 
including the collector made of n-type Si, the base made 
of p + -type SivxGe*. and the emitter made of n + -type Si 
is realized. It should be noted that the Si layer of the 
Si/Si^xGex layer 51 1a has been changed to an n + -type 
Si layer with a high density of n-type impurities (phos- 
phorus, etc.) diffused from the n + polysilicon layer 529. 
[0030] However, the conventional HBT with the 
above structure has the following disadvantages. 
[0031] First, the width W2 of the active region is 
larger than the width W3 of the collector opening 518 in 
order to avoid an influence of stress of the shallow 
trenches 503. The width W3 of the collector opening 
518 defines the area of the region that connects the p + 
polysilicon layer 515 and the Si/Si^Gex layer 511a 
together serving as the external base 516. Reduction of 
the width W3 is therefore limited. In addition, the active 
region/isolation junction Rai that is a junction of different 
materials has a large stress. If this active region/isola- 
tion junction Rai is located closer to the external base 
516, the electrical characteristics of the resultant HBT 
will be adversely influenced by stress-induced leak cur- 
rent and the like. 

[0032] Secondly, in the step shown in Figure 13(b), 
the SiGe islands 51 1 b are formed on the first oxide film 
508 during the deposition of the Si/Si^Gex layer 511a 
on the Si substrate 500. This causes various disadvan- 
tages in the aspect of process control in the subsequent 
steps, such as lowering the flatness of the second oxide 
film 512 deposited thereon and making the surface of 
the n + collector drawing layer 507 uneven. 
[0033] Figures 17(a) through 17(c) are cross-sec- 
tional views illustrating the formation of the SiGe 



islands. 

[0034] Referring to Figure 17(a), a Si^Ge* layer is 
selectively grown by CVD on the Si substrate 500 with 
the first oxide film 508 having th collector opening 51 0 

5 being formed thereon. During an initial predetermined 
period (incubation time), the Si^Gex layer is selectively 
grown only on the Si substrate 500 inside the collector 
opening 510, with no attachment of Si and Ge atoms to 
the first oxide film 508. 

10 [0035] After the incubation time has passed, how- 
ever, as shown in Figure 1 7(b), Si and Ge atoms start to 
attach to the surface of the first oxide film 508 forming 
the SiGe islands 511b. Once the Si/Si^Gey layer 511a 
has been formed by growing the Si layer on the Si^Gex 

15 layer by epitaxy, the SiGe islands 511b are left attached 
to the first oxide film 508. 

[0036] Alternatively, the SiGe islands 51 1 b may be 
grown to form a poly-SiGe layer 511c as shown in Fig- 
ure 17(c) depending on the conditions of the CVD. 

20 [0037] In other words, if the selective growth of the 
Sit- x G©x * a y & can De completed within the incubation 
time, the Si/Si i- x Ge x layer 511a will be formed without 
allowing the SiGe islands 51 1 b to be formed on the first 
oxide film 508. In general, the incubation time is closely 

25 related to the conditions such as the pressure and flow 
rate of the gas and the growth temperature. Therefore, 
the conditions for enabling the Si^Gex layer having a 
predetermined thickness to be grown selectively only on 
the Si substrate 500 are extremely strict. Precise control 

30 will be required to satisfy the conditions. In practice, 
therefore, it is difficult to realize stable selective growth 
of the Si^Gex layer. 

[0038] Thirdly, as an incidental disadvantage, in the 
conventional HBT fabrication process, after the p + poly- 

35 silicon layer 515 as part of the external base 516 has 
been patterned in the step shown in Figure 14(b), the n + 
polysilicon layer 529 serving as the emitter drawing 
electrode is patterned in the step shown in Figure 1 5(b). 
In the latter patterning, n + polysilicon is left unetched at 

40 the step portions of the existing layers as sidewalis. In 
addition, the n + collector drawing layer 507 and the like 
may be damaged by over-etching. These phenomena 
may not only lower the process controllability but also 
cause leak current. In particular, in the fabrication proc- 

45 ess of a Bi-CMOS device that includes CMOS in addi- 
tion to HBT on the same substrate, the CMOS may also 
be damaged. 

SUMMARY OF THE INVENTION 

50 

[0039] An object of the present invention is provid- 
ing semiconductor devices, serving as a hetero bipolar 
transistor and a SiGe-BiCMOS device, with a reduced 
transistor area, reduced leak current, and improved 
55 process controllability, and methods for fabricating such 
semiconductor devices. 

[0040] The semiconductor device of this invention is 
a semiconductor device serving as a bipolar transistor 
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formed at an active region of a semiconductor sub- 
strate. The device includes: device isolation regions 
formed in portions of the semiconductor substrate for 
surrounding the active region; a collector layer of a first 
conductivity type formed in a region of the semiconduc- s 
tor substrate sandwiched by the device isolation 
regions; an insulating layer formed on the semiconduc- 
tor substrate, the insulating layer having a collector 
opening of which range covers the collector layer and 
portions of the device isolation regions; a base layer of w 
a second conductivity type formed on the portion of the 
semiconductor substrate located within the collector 
opening and on the insulating layer, the base layer 
including an internal base and an external base sur- 
rounding the internal base; and an emitter layer of the 15 
first conductivity type formed on the internal base. 
[0041 J With the above construction where the active 
region is narrower than the collector opening, the area 
occupied by the transistor can be reduced. 
[0042] The semiconductor device may further 20 
include junction leak prevention layers located in 
regions of the semiconductor substrate right under the 
external base and adjacent to the device isolation 
regions, the junction leak prevention layers including 
impurities of the second conductivity type. With this con- 25 
struction, the pn junction becomes farther from the junc- 
tions between the active layer and the device isolation 
regions, thereby minimizing generation of leak current 
through interface states or lattice defect due to stress 
applied to the junctions between the active layer and the 30 
device isolation regions. 

[0043] The first method for fabricating a semicon- 
ductor device of this invention is a fabrication method of 
a semiconductor device serving as a bipolar transistor 
having an emitter layer, a base layer, and a collector 35 
layer formed at an active region of a semiconductor sub- 
strate. The method includes the steps of: (a) forming 
device isolation regions in portions of the semiconduc- 
tor substrate for surrounding the active region; (b) form- 
ing a collector layer of a first conductivity type in a region 40 
of the semiconductor substrate sandwiched by the 
device isolation regions; (c) after the steps (a) and (b), 
depositing a first insulating layer on the semiconductor 
substrate and then forming a collector opening through 
a portion of the first insulating layer so that the range of as 
the collector opening covers the collector layer and por- 
tions of the device isolation regions; and (d) forming a 
semiconductor layer of a second conductivity type on 
the portion of the semiconductor substrate located 
inside the collector opening for defining at least an inter- so 
nal base and an external base surrounding the internal 
base. 

[0044] By the above method, a bipolar transistor 
with a reduced occupying area can be easily fabricated. 
[0045] The method may further includes the steps st 
of: (e) after the step (d), forming a second insulating 
layer on the semiconductor substrate, and then forming 
base junction openings by removing portions of the sec- 



ond insulating layer ranging from positions located 
above peripheries of the semiconductor layer to posi- 
tions located above inner ends of the device isolation 
regions while remaining a portion of the second insulat- 
ing layer located above a center of the semiconductor 
layer, by etching using a patterned photoresist; and (f) 
forming junction leak prevention layers by introducing 
impurities of the second conductivity type in regions of 
the semiconductor substrate located under the base 
junction openings. This method makes it possible to fab- 
ricate a semiconductor device that can minimize gener- 
ation of leak current due to stress applied to the 
junctions between the active layer and the device isola- 
tion regions. 

[0046] Alternatively, the method may further include 
the steps of: (e) after the step (d), forming a second 
insulating layer on the semiconductor substrate, and 
then forming base junction openings by removing por- 
tions of the second insulating layer located above 
peripheries of the semiconductor layer while remaining 
a portion of the second insulating layer located above a 
center of the semiconductor layer, by etching using a 
patterned photoresist; (f) depositing a first conductor 
layer and a third insulating layer on the semiconductor 
substrate, and then forming a base opening through the 
first conductor layer and the third insulating layer to 
reach a portion of the second insulating layer left on the 
internal base; (g) forming a fourth insulating layer cover- 
ing a side face of the first conductor layer exposed in the 
base opening; (h) removing a portion of the second 
insulating layer left on the internal base of the semicon- 
ductor layer exposed inside the base opening to expose 
a portion of the semiconductor layer on the bottom of 
the base opening; (i) after the step (h), forming a second 
conductor layer burying the base opening; and (j) after 
the step (i), removing side portions of the first conductor 
layer and the third insulating layer by etching to expose 
a portion of the semiconductor substrate to be used as 
a collector drawing layer. This method makes it possible 
to fabricate a semiconductor device that can prevent 
problems such as generation of leak current due to res- 
idues of the material for the second conductor layer left 
on the side faces of the first conductor layer as side- 
walls. 

[0047] The second method for fabricating a semi- 
conductor device of this invention is a fabrication 
method of a semiconductor device including a bipolar 
transistor having at least an emitter layer, a base layer, 
and a collector layer and MISFET having at least a gate 
insulating film, a gate electrode, and source/drain 
regions, formed on a semiconductor substrate. The 
method includes the steps of: (a) forming the collector 
layer of the bipolar transistor in a bipolar transistor for- 
mation region and forming the gate insulating film, the 
gate electrode, and the source/drain regions of the MIS- 
FET in a MISFET formation region; (b) depositing a first 
insulating layer and a reductive film on the semiconduc- 
tor substrate, and then removing a portion of the first 
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insulating layer and the reductive film located above the 
collector layer in the bipolar transistor formation region 
to form a collector opening; and (c) growing by epitaxy a 
semiconductor layer of a second conductivity type on a 
portion of the semiconductor substrate located inside 
the collector opening and the reductive film for forming 
at least an internal base and an external base surround- 
ing the internal base. 

[0048] By the above method, the semiconductor 
film is grown roughly uniformly on the reductive film on 
the first insulating layer irrespective of whether selective 
epitaxial growth conditions or non-selective epitaxial 
growth conditions are employed for the growth of the 
semiconductor layer. As a result, disadvantages caused 
by islands of the semiconductor film that may otherwise 
be formed can be overcome. 

[0049] In the step (c), the semiconductor layer may 
be formed so as to include at least one of Si^xGex (0 
=sx* 1), Sh.x-yGexCy m x+y s 1), and Sh. y Cy (0 * y ^ 
1). With such a semiconductor layer, the resultant het- 
ero bipolar transistor is excellent in high-frequency 
characteristics and capable of sharing the fabrication 
process with a silicon device. 

[0050] In the step (b), the reductive film is preferably 
formed to include one material selected from the group 
consisting of polysilicon, amorphous silicon, and silicon 
nitride. 

[0051 ] The method may further include the steps of: 
(d) after the step (c), forming a second insulating layer 
on the semiconductor substrate, and then removing 
portions of the second insulating layer located above 
peripheries of the semiconductor layer while remaining 
a portion of the second insulating layer located above a 
center of the semiconductor layer to form base junction 
openings; (e) depositing a first conductor layer and a 
third insulating layer on the semiconductor substrate, 
and then forming a base opening through portions of 
the first conductor layer and the third insulating layer to 
reach a portion of the second insulating layer left on the 
internal base; (f) forming an inter-electrode insulating 
layer covering a side face of the first conductor layer 
exposed in the base opening; (g) removing a portion of 
the second insulating layer left on the internal base of 
the semiconductor layer exposed in the base opening 
by etching to expose a portion of the semiconductor 
layer on the bottom of the base opening; (h) forming a 
second conductor layer to be used as an emitter draw- 
ing electrode burying the base opening; (i) removing 
part of the third insulating layer, the first conductor layer, 
the semiconductor layer, and the reductive film in the 
bipolar transistor formation region, and the entire of the 
third insulating layer, the first conductor layer, the semi- 
conductor layer, and the reductive film in the MISFET 
formation region; Q) after the step (i), depositing an insu- 
lating film on the semiconductor substrate and etching 
back the insulating film to form sidewalls on side faces 
of the first conductor layer, the semiconductor layer, and 
the reductive film in the bipolar transistor formation 



region and on the side faces of the gate electrode in the 
MISFET formation region; and (k) removing the first 
insulating layer to expose portions of the semiconductor 
substrate to be used as a collector drawing layer in the 
5 bipolar transistor formation region and the source/drain 
regions in the M ISFET formation region. This ensures to 
prevent the MISFET formation region and the like from 
being polluted with Ge and the like. 
[0052] The steps (j) and (k) are preferably per- 
10 formed simultaneously. 

[0053] At least one of the insulating layers may 
comprise a silicon oxide film formed at a temperature of 
700°C or lower. This minimizes degradation of the impu- 
rity density profile of the relevant components of the 
75 semiconductor device. 

[0054] In the step (c), the semiconductor layer may 
be formed by sequentially depositing a layer made of at 
least one of Si^Gex (0^x=i1), Si^yGexCy (0^x+y^1), 
and Sh.yCy (0^1) and a Si layer, and the method may 
20 further include the steps of: (d) after the step (c), form- 
ing a second insulating layer on the semiconductor sub- 
strate, and then removing portions of the second 
insulating layer located above peripheries of the semi- 
conductor layer while remaining a portion of the second 
25 insulating layer located above a center of the semicon- 
ductor layer to form base junction openings; (e) depos- 
iting a first conductor layer and a third insulating layer on 
the semiconductor substrate, and then forming a base 
opening through portions of the first conductor layer and 
30 the third insulating layer to reach a portion of the second 
insulating layer left on the internal base; (f) forming an 
inter-electrode insulating layer covering a side face of 
the first conductor layer exposed in the base opening; 
(g) removing a portion of the second insulating layer left 
35 on the internal base of the semiconductor layer exposed 
in the base opening by etching to expose a portion of 
the semiconductor layer on the bottom of the base 
opening; (h) after the step (g), forming a second con- 
ductor layer to be used as an emitter drawing electrode 
40 burying the base opening; and (i) diffusing impurities of 
a first conductivity type to part of the Si layer from the 
second conductor layer to form an emitter layer in the Si 
layer. 

[0055] The above method ensures formation of the 
45 emitter layer including a high density of impurities of the 
first conductivity type. 

BRIEF DESCRIPTION OF THE DRAWINGS 



so [0056] 

Figure 1 is a cross-sectional view of a bipolar tran- 
sistor of a semiconductor device of EMBODIMENT 
1 according to the present invention. 
55 Figures 2(a) and 2(b) are cross-sectional views 
illustrating the steps of forming a Si/Si^Ge* layer 
in a collector opening in the fabrication process of 
the semiconductor device of EMBODIMENT 1 . 
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Figures 3(a) and 3(b) are cross-s ctional views 
illustrating the steps of forming a base opening 
through a p + polysilicon layer in the fabrication 
process of the semiconductor device of EMBODI- 
MENT 1. s 
Figures 4(a) and 4(b) are cross-sectional views 
illustrating the steps of forming a n + polysilicon 
layer in the base opening in the fabrication process 
of the semiconductor device of EMBODIMENT 1. 
Figures 5(a) and 5(b) are cross-sectional views n 
illustrating the steps of patterning the side feces of 
the p + polysilicon layer in the fabrication process of 
the semiconductor device of EMBODIMENT 1 . 
Figure 6 is a cross-sectional view of a SiGe-BiC- 
MOS device as a semiconductor device of EMBOD- t 
IMENT 2 according to the present invention. 
Figures 7(a) and 7(b) are cross-sectional views 
illustrating the steps of forming a gate electrode and 
other components of MISFET in the fabrication 
process of the semiconductor device of EMBOD I- 2 
MENT2. 

Figures 8(a) and 8(b) are cross-sectional views 
illustrating the steps of forming a first insulating film, 
a polysilicon layer, and a Si/Si^Gex layer in the 
fabrication process of the semiconductor device of i 
EMBODIMENT 2. 

Figures 9(a) and 9(b) are cross-sectional views 
illustrating the steps of forming a base opening 
through a p + polysilicon layer in the fabrication 
process of the semiconductor device of EMBODI- : 
MENT 2. 

Figures 10(a) and 10(b) are cross-sectional views 
illustrating the steps of forming a n + polysilicon 
layer in the base opening in the fabrication process 
of the semiconductor device of EMBODIMENT 2. ; 
Figures 11(a) and 11(b) are cross-sectional views 
illustrating the steps of patterning the side faces of 
the p + polysilicon layer in the fabrication process of 
the semiconductor device of EMBODIMENT 2. 
Figure 12 is a cross-sectional view of a conven- 
tional bipolar transistor. 

Figures 13(a) and 13(b) are cross-sectional views 
illustrating the steps of forming a Si/Sh. x Gex layer 
in a collector opening in the fabrication process of 
the conventional semiconductor device. 
Figures 14(a) and 14(b) are cross-sectional views 
illustrating the steps of forming a base opening 
through a p + polysilicon layer in the fabrication 
process of the conventional semiconductor device. 
Figures 15(a) and 15(b) are cross-sectional views 
illustrating the steps of patterning the p + polysilicon 
layer and forming a n + polysilicon layer in the base 
opening in the fabrication process of the conven- 
tional semiconductor device. 
Figure 16 is a cross-sectional view illustrating the 
step of forming sidewails on the side faces of the 
polysilicon layers in the fabrication process of the 
conventional semiconductor device. 



Figures 17(a) through 17(c) are cross-sectional 
views illustrating generation of SiGe islands in the 
fabrication process of the conventional bipolar tran- 
sistor. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0057] Hereinafter, preferred embodiments of the 
present invention will be described with reference to the 
accompanying drawings. 

EMBODIMENT 1 

[0058] Figure 1 is a cross-sectional view of a semi- 
conductor device of EMBODIMENT 1 according to the 
present invention, particularly illustrating a hetero bipo- 
lar transistor (HB7) fabricated by a fabrication process 
of a SiGe-BiCMOS device in the procedure of forming 
first MISFET and thereafter HBT. 
[0059] Referring to Figure 1 , the upper portion of a 
Si (001) substrate 100 constitutes a retrograde well 101 
having a depth of 1 \i m that contains n-type impurities 
such as phosphorous introduced therein by epitaxial 
growth, ion implantation, or the like. The density of the 
n-type impurities in the surface portion of the Si sub- 
strate 100 is adjusted to about 1x10 17 atoms •cm* 3 . As 
device isolation, there are provided a shallow trench 
1 03 filled with silicon oxide and a deep trench 1 04 com- 
posed of an undoped polysilicon film 105 and a silicon 
oxide film 106 surrounding the undoped polysilicon film 
105. The thickness of the shallow trench 103 is about 
0.35 u m and that of the deep trench 1 04 is about 2 u m. 
[0060] A collector layer 102 extends the region of 
the Si substrate 100 sandwiched between the adjacent 
trenches 103. An n + collector drawing layer 107 is 
located in the region of the Si substrate 100 isolated 
from the collector layer 102 by the shallow trench 103 
for securing contact with an electrode of the collector 
layer 102 via the retrograde well 101 . 
[0061] A first oxide film 108 having a thickness of 
about 30 nm is provided on the Si substrate 100. A col- 
lector opening 110 is formed through the first oxide film 
108. A Si/Si-i.xGex layer 1 1 1 is formed on the portion of 
the surface of the Si substrate 100 exposed inside the 
collector opening 110. The Si/Si^Ge* layer 111 is com- 
posed of a p-type impurity doped Si.|_ x Ge x layer having 
a thickness of about 60 nm and a Si layer having a thick- 
ness of about 10 nm. The Si/Si^Gex layer 111 exists 
only on the portion of the surface of the Si substrate 100 
exposed inside the collector opening 110 by selective 
growth. The lower portion of the center of the Si/Sij. 
x Gex layer 111 (the center corresponds to a lower 
region of a base opening 118 to be described later) 
serves as an internal base 119, while the upper portion 
of the center of the Si/Si^Ge,, layer 111 serves as an 
emitter layer. The Si^Ge* layer is mostly doped with p- 
type impurities such as boron (B) at about 2x10 18 atom- 
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s • cm* 3 , while the Si layer is doped by diffusion of n-type 
impurities such as phosphorous (P) from an n + polysili- 
con layer 129 to be described later in the density distri- 
bution between 1 x 10 20 atoms • cm -3 and 1x 10 17 
atoms cm* 3 . The Si layer is formed in succession on the 
Si^Ge* layer so that the lower surface of the overlying 
n + polysilicon layer 129 be located farther from the pn 
junction so as to prevent recombination of carriers from 
being promoted by a number of interface states and 
defects existing in the n + polysilicon layer 129. 
[0062] The width W1 of the base opening 118 is 
determined by the amount of wet etching of a second 
oxide film 112 to be described later. Of the entire base 
composed of the internal base 119 and the external 
base 116, the substantial portion forming the pn junc- 
tion together with the collector layer 1 02 is the portion of 
the Si/Si^Ge* layer 111 that is in contact with the col- 
lector layer 102. The width of this substantial base por- 
tion is determined by the width W3 of the collector 
opening 110 of the first oxide film 108. 
[0063] In this embodiment, the inner ends of the 
shallow trenches 103 are located at positions closer to 
the center of the HBT than the peripheries of the collec- 
tor opening 110, so that the width W2 of the active 
region is smaller than the width W3 of the collector 
opening 110. With the shallow trenches 103 being 
closer to each other, the entire area of the HBT can be 
reduced. Meanwhile, this arrangement results in that 
the active region-isolation junctions Ral exist inside a 
carrier migration region of the HBT This may cause 
problems such as generation of a defect due to stress. 
In order to avoid such problems, p-type junction leak 
prevention layers 113 are provided in the vicinity of the 
active region -isolation junctions Rai by implanting p- 
type impurities in a self-aligned manner with respect to 
the collector opening 110. The density of the impurities 
in the surface portions of the p-type junction leak pre- 
vention layers 1 1 3 is preferably about 3x1 0 1 7 atoms cm" 

3 

[0064] The second oxide film 112 having a thick- 
ness of about 30 nm exists as an etch stopper on the 
Si/Sh-xGex layer 111 and the first oxide film 108. The 
second oxide film 112 has base junction openings 114 
and the base opening 118. A p + polysilicon layer 115 
having a thickness of about 150 nm is provided over the 
second oxide film 112 burying the base junction open- 
ings 1 14, and a third oxide f ilm 1 17 is provided on the p + 
polysilicon layer 115. The portion of the Si/Si-|. x (3 e x 
layer 111 excluding the lower region of the base open- 
ing 118 and the p* polysilicon layer 115 constitute the 
external base 116. 

[0065] An opening is formed through the p + polysil- 
icon layer 115 and the third oxide film 117 at a portion 
located above the base opening 118 of the second 
oxide film 112. Fourth oxide films 120 having a thick- 
ness of about 30 nm are provided on the side faces of 
the p + polysilicon layer 115. On the fourth oxide films 
120, sidewalls 121 made of polysilicon having a thick- 



ness of about 100 nm are provided. The n + polysilicon 
layer 129 extends over the third oxide film 117 burying 
the base opening 118. The n + polysilicon layer 129 
serves as an emitter drawing electrode. The fourth 

5 oxide films 120 electrically isolat the p + polysilicon 
layer 115 from the n + polysilicon layer 129, as well as 
blocking the impurities in the p + polysilicon layer 115 
from diffusing to the n + polysilicon layer 129. The third 
oxide film 117 electrically isolates the upper surface of 

10 the p + polysilicon layer 115 from the n + polysilicon layer 
129. The outer side faces of the n + polysilicon layer 129 
and the p + polysilicon layer 115 are covered with side- 
walls 123. 

[0066] Ti silicide layers 1 24 are provided on the sur- 
15 faces of the collector drawing layer 1 07, the p + polysili- 
con layer 115, and the n + polysilicon layer 129. The 
outer side faces of the n + polysilicon layer 129 and the 
p + polysilicon layer 115 are different from those of the 
conventional HBT structure shown in Figure 12. This is 
20 due to the difference in the order of patterning of the p + 
polysilicon layer 115 and the n + polysilicon layer 129 as 
will be described later. In this embodiment, with the 
structure described above, generation of a damage in 
the n + collector drawing layer 107 and the like can be 
25 effectively prevented as will be described later. 

[0067] The resultant entire substrate is covered with 
an interlayer insulating film 125, through which are 
formed contact holes respectively reaching the n + col- 
lector drawing layer 107, the p + polysilicon layer 115 as 
30 part of the external base, and the n + polysilicon layer 
1 29 as the emitter drawing electrode. The contact holes 
are filled with W plugs 126, and metal interconnects 127 
extend on the interlayer insulating film 1 25 so as to be in 
contact with the W plugs 126. 
35 [0068] The values shown herein as the thickness of 
the respective layers represent typical values. In prac- 
tice, an appropriate thickness may be used depending 
on the kind and use of the HBT. 
[0069] Hereinafter, the fabrication process for real- 
40 izing the structure shown in Figure 1 will be described 
with reference to Figures 2(a) and 2(b) through 5(a) and 
5(b), which are cross-sectional views of the HBT of the 
SiGe-BiCMOS of EMBODIMENT 1 illustrating the 
respective steps of the fabrication method thereof. 
45 [0070] In the step shown in Figure 2(a). an Si sin- 
gle-crystalline layer is grown by epitaxy while being 
doped with n-type impurities, or grown by epitaxy fol- 
lowed by high-energy ion implantation, to form the n- 
type retrograde well 101 having a depth of about 1*i m 
so in the upper portion of the Si (001) substrate 100. Alter- 
natively, the retrograde well 501 may be formed by 
merely implanting ions in part of the Si substrate 100 
without involving epitaxial growth. In either case, the 
density of the n-type impurities in the surface region of 
55 the Si substrate 100 should be adjusted to about 1x10 17 
atoms cm* 3 so that the surface region can serve as the 
collector layer of the HBT. 

[0071 ] Thereafter, the shallow trench 1 03 filled with 
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silicon oxide and the deep trench 1 04 composed of the 
undoped polysilicon film 105 and the silicon oxide film 
106 surrounding the undoped polysilicon film 105 are 
formed as the device isolation so as to have depths of 
about 0.35 \i m and 2 u m, respectively. The region 5 
sandwiched by the adjacent shallow trenches 103 is 
defined as the collector layer 102. The n + collector 
drawing layer 107 is formed in the region of the Si sub- 
strate 100 isolated from the collector layer 102 by the 
shallow trench 103 for securing contact with a collector 10 
electrode. In this step, the width W2 of the active region 
is determined by the distance between the adjacent 
shallow trenches 103. In this embodiment, the width W2 
of the active region is made smaller than that of the con- 
ventional HBT. 15 
[0072] Thereafter, a gate insulating film, a gate 
electrode, source/drain regions, and the like as the 
basic structure of each MISFET (metal-insulator semi- 
conductor field effect transistor) of the CMOS device are 
formed by a normal fabrication method although il lustra- 20 
tion and description of this fabrication are omitted. 
[0073] In the step shown in Figure 2(b), the first 
oxide film 108 is deposited to a thickness of about 30 
nm on the wafer by CVD using tetraethoxysilane 
(TEOS) and oxygen at a temperature of 680°C. The first 25 
oxide film 108 is then wetetched with hydrofluoric acid 
or the like to form the collector opening 110 having the 
width W3 that is larger than the width W2 of the active 
region. That is, the collector opening 110 is made wider 
than the active region by forming the collector opening 30 
110 so that the active region-isolation junctions Rai 
(boundaries between the shallow trenches 103 and the 
surface portion of the Si substrate 100) are located 
within the range of the collector opening 1 1 0. In fact, the 
width of the collector opening 110 is substantially the 35 
same as that of the conventional HBT. As a result that 
the distance between the shallow trenches 1 03 is made 
smaller than that of the conventional HBT, the width W3 
of the collector opening 110 becomes relatively larger 
than the width W2 of the active region. This arrange- 40 
ment however may cause the problem of increased 
base-collector leak current through interface states or 
lattice defects due to stress generated at the junction of 
different materials if no measures are taken. In order to 
avoid this problem, the junction leak prevention layers 45 
113 are formed as will be described later. 
[0074] The portion of the surface of the Si substrate 
100 exposed inside the collector opening 110 is treated 
with a mixture of ammonium hydroxide and hydro perox- 
ide to form a protection oxide film having a thickness of so 
about 1 nm on the exposed portion. The resultant wafer 
in this state is placed in a chamber of a UHV-CVD appa- 
ratus, where the wafer is heattreated in a hydrogen 
atmosphere to remove the protection oxide film and 
then a gas of disilane (Si 2 H 6 ) and germane (GeM 4 ) con- 55 
taining diboran (B 2 H 6 ) for doping is introduced into the 
chamber while heating to 550°C. to allow the Si 2 . x Ge x 
layer to be grown by epitaxy to a thickness of about 60 



nm on th exposed surface of the Si substrate 100 
insid the collector opening 110. Subsequent to the for- 
mation of the Si^xGex layer, the supply gas to the cham- 
ber is changed to disilane, to grow the Si layer having a 
thickness of about 10 nm by epitaxy on the Si^Ge* 
layer, thereby forming the Si/Si^Ge* layer 111. At this 
time, while the Si^G^ layer doped with boron (B) is of 
the p-type having a boron density of about 2 x 10 18 
atoms • cm" 3 , the Si layer is not doped with impurities. 
As in the conventional fabrication process, during the 
formation of the Si^Ge* layer. Si and Ge atoms may 
also be deposited on the surface of the first oxide film 
108 forming SiGe islands. Such formation of SiGe 
islands is however avoided by strictly controlling the 
selective growth in this embodiment. 
[0075] In the step shown in Figure 3(a), the second 
oxide film 112 having a thickness of 30 nm as an etch 
stopper is formed on the resultant wafer, and then pat- 
terned by dry etching using a resist mask Re1 formed 
on the second oxide film 112 to form the base junction 
openings 114. As a result, the center of the Si/Si^Ge* 
layer 111 is covered with the second oxide film 112, 
while the peripheries of the Si/Si^Ge* layer 111 and 
part of the first oxide film 108 are exposed inside the 
base junction openings 114. Thereafter, p-type impuri- 
ties such as boron (B) are implanted using the resist 
mask Re1 used for the formation of the base junction 
openings 114, to form the junction leak prevention lay- 
ers 113 having a density of the impurities of about 
3x1 o 1 7 atoms • cm' 3 in the surface portion as the 
measures for minimizing the influence of stress at the 
active region-isolation junctions Rai. 
[0076] In the step shown in Figure 3(b), the p + poly- 
silicon layer 115 doped with impurities at a high density 
of about 1 x10 20 atoms • cm' 3 or more is deposited to 
a thickness of about 1 50 nm and subsequently the third 
oxide film 117 is deposited to a thickness of about 100 
nm, on the resultant wafer by CVD. The third oxide film 
117 and the p + polysilicon layer 1 15 are then patterned 
by dry etching to form the base opening 1 18 at the cent- 
ers thereof so as to reach the second oxide film 112. 
The base opening 1 18 is made smaller than the center 
portion of the second oxide film 1 12 so as not to overlap 
the base junction opening 114. Thus, in this step, the 
external base 116 composed of the p + polysilicon layer 
115 and the portion of the Si/Si-, . x Ge x layer 1 1 1 exclud- 
ing the center thereof is formed. In this embodiment, 
unlike the step of the conventional HBT fabrication proc- 
ess shown in Figure 14(b), the side portions of the third 
oxide film 117 and the p + polysilicon layer 115 as 
viewed from the figure are left unetched, so as to mini- 
mize residues attaching to etched sidewalls. 
[0077] In the step shown in Figure 4(a), the fourth 
oxide film 120 having a thickness of about 30 nm and a 
polysilicon film having a thickness of about 150 nm are 
deposited by CVD on the entire surface of the resultant 
wafer. The polysilicon film is then etched back by aniso- 
tropic dry etching to form the sidewalls 121 made of 
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polysilicon on the side faces of the p + polysilicon layer 
115 and the third oxide film 1 1 7 via the fourth oxide films 
120. The wafer is then subjected to wet etching with 
hydrofluoric acid to remove the exposed portions of the 
second oxide film 1 1 2 and the fourth oxide films 1 20. By s 
this wet etching, the Si layer of the Si/Si^Ge* layer 111 
is exposed inside the base opening 118. In addition, 
since the wet etching is anisotropic, the second oxide 
film 112 and the fourth oxide film 120 are also etched in 
the transverse direction, resulting in increasing the size w 
of the base opening 118. The width W1 of the base 
opening 118 is thus determined by this wet etching. In 
this embodiment, it is ensured that such a trouble that 
the surface of the Si substrate 100 is partly exposed will 
not occur during this wet etching even if SiGe islands 1S 
exist on the first oxide film 108 since the n + collector 
drawing layer 107 and the like in the Si substrate 100 
are covered with the p + polysilicon layer 115 and the 
like. 

[0078] In the step shown in Figure 4(b), the n + poly- 20 
silicon layer 129 having a thickness of about 250 nm is 
deposited and patterned by dry etching to form the emit- 
ter drawing electrode. In this embodiment, since the 
side portions of the p + silicon layer 115 are not pat- 
terned, no sidewalls will be formed on the outer side 25 
faces during this dry etching. In addition, the surface of 
the n + collector drawing layer 1 07 and the like will not be 
etched by over-etching of the n + polysilicon layer 129, 
and thus the surface of the Si substrate 100 will not be 
made uneven. 30 
[0079] In the step shown in Figure 5(a), the third 
oxide film 1 1 7, the p + polysilicon layer 1 15, and the sec- 
ond oxide film 1 1 2 are patterned by dry etching to define 
the profile of the external base 116. 
[0080] In the step shown in Figure 5(b), an oxide 35 
film having a thickness of about 120 nm is deposited on 
the resultant wafer and dry-etched to form the sidewalls 
123 on the side faces of the n + polysilicon layer 129 and 
the p + polysilicon layer 115. By this dry etching (over- 
etching), also, the exposed portions of the first oxide film 40 
108 and the like are removed to expose the surfaces of 
the n + collector drawing layer 107, the n + polysilicon 
layer 1 29, and the p + polysilicon layer 115. 
[0081] Thereafter, the following processing is per- 
formed to obtain the structure shown in Figure 1 . First, 45 
Ti is deposited to a thickness of about 40 nm on the 
entire surface of the resultant wafer by sputtering, and 
the resultant surface is subjected to RTA (rapid thermal 
annealing) at 675°C for 30 seconds to form the Ti sili- 
cide layers 124 on the exposed surfaces of the n + poly- so 
silicon layer 1 29, the p + polysilicon layer 1 1 5, and the n + 
collector drawing layer 107. After selective removal of 
non-reacted portions of the Ti films, the resultant wafer 
is annealed to change the crystal structure of the Ti sili- 
cide layers 124. 55 
[0082] The interlayer insulating film 125 is then 
formed over the entire surface of the wafer, and the con- 
tact holes are formed therethrough to reach the n + poly- 



silicon layer 1 29, the p + polysilicon layer 1 1 5, and the n + 
collector drawing layer 107. The contact holes are then 
filled with W films to form the W plugs 126. An aluminum 
alloy film is then deposited on the entire surface of the 
wafer and patterned to form the metal interconnects 127 
extending on the interlayer insulating film 125 to be con- 
nected with the W plugs 126. 

[0083] By the process described above, the HBT 
having the structure shown in Figure 1, that is, the HBT 
including the collector made of n-type Si, the base made 
of p + -type Si^Ge*. and the emitter made of n + -type Si 
is realized. It should be noted that the Si layer of the 
Si/Sh.xGex layer 111 has been changed to an n + -type 
Si layer with a high density of n-type impurities (phos- 
phorus, etc.) diffused from the n+ polysilicon layer 129. 
[0084] By adopting the steps described above, the 
area of the HBT can be reduced. Furthermore, leak cur- 
rent due to stress at the active region-isolation junctions 
Rai, as well as leak current due to residual polysilicon 
sidewalls left on the outer side faces of the p + polysili- 
con layer 115 at dry etching, can be prevented. 

EMBODIMENT 2 

[0085] Figure 6 is a cross-sectional view of a semi- 
conductor device of EMBODIMENT 2 according to the 
present invention, particularly illustrating a SiGe-BiC- 
MOS device fabricated in the procedure of forming first 
MISFET and thereafter HBT. In Figure 6, one MISFET 
structure of the CMOS device region is shown in addi- 
tion to the structure of the hetero bipolar transistor 
(HBT). 

[0086] Referring to Figure 6, the structure of the 
HBT in a HBT formation region Rbp in this embodiment 
is the same as that of the HBT in EMBODIMENT 1 
described above, except for the structure located above 
the first oxide film 108. Hereinafter, description of the 
same components as those in EMBODIMENT 1 is omit- 
ted, and only the different points from EMBODIMENT 1 
will be described. 

[0087] In this embodiment, a polysilicon layer 1 09 is 
formed on the first oxide film 108, and the Si/Si^Ge* 
layer 111 not only exists on the entire exposed surface 
of the Si substrate 100 inside the collector opening 110 
but also extends over the polysilicon layer 109. This is 
the most important feature of this embodiment. The 
lower portion of the center of the Si/Si^Gex layer 111 
serves as the internal base 119, while the portion of the 
Si/Si t . x Ge x layer 111 excluding the center thereof and 
the p + polysilicon layer 115 serve as the external base 
116. 

[0088] The formation of the polysilicon layer 1 09 on 
the first oxide film 108 as an underlying layer of the 
Si/Si^Ge* layer 111 prevents SiGe islands from being 
formed on the first oxide film 108 in a random distribu- 
tion when the Si/Si^Ge* layer 111 is formed by UHV- 
CVD or the like. A silicon nitride film may be used in 
place of the polysilicon layer 109. 



11 



21 



EP 1 037 284 A2 



22 



[0089] In this embodiment, as in EMBODIMENT 1 , 
the Si^Ge* layer is mostly doped with p-type impurities 
such as boron (B) at about 2x10 18 atoms • cm 3 , while 
the Si layer is doped by diffusion of n-type impurities 
such as phosphorous (P) from the n + polysilicon layer 
129 in the density distribution between 1 x10 20 atoms • 
cm' 3 and 1x10 17 atoms • cm' 3 . The Si layer is formed 
in succession on the Si^Ge* layer so that the lower 
surface of the overlying n + polysilicon layer 129 be 
located farther from the pn junction so as to prevent 
recombination of carriers from being promoted by a 
number of interface states and defects existing in the n + 
polysilicon layer 129. 

[0090] In this embodiment, as in EMBODIMENT 1, 
the shallow trenches 103 are formed so that the inner 
ends thereof are located within the range of the collector 
opening 110 in the HBT formation region Rbp, resulting 
in that the width W2 of the active region is smaller than 
the width W3 of the collector opening 110. With this 
arrangement, the entire area of the HBT can be 
reduced. In this embodiment, also, the p-type junction 
leak prevention layers 113 are formed in the vicinity of 
the active region-isolation junctions Rai by implanting p- 
type impurities in a self-aligned manner with respect to 
the collector opening 110. The density of impurities in 
the surface portions of the p-type junction leak preven- 
tion layers 113 is preferably about 3x10 17 atoms • cm' 

3 

[0091] In a MISFET formation region Rms, there is 
provided a MISFET including: a retrograde well 151 
formed by high-energy ion implantation in the Si sub- 
strate 100; a gate insulating film 152 made of silicon 
oxide or silicon nitride formed on the retrograde well 
1 51 ; a gate electrode 1 53 made of polysilicon formed on 
the gate insulating film 1 52; side-walls 1 54 made of a 
silicon oxide film formed on the side faces of the gate 
electrode 1 53; L-shaped portions of the first oxide film 
108 and portions of the sidewalls 123 formed on the 
sidewalls 154; and source/drain regions 155 formed in 
the regions of the Si substrate 1 00 located on both sides 
of the gate electrode 153. If the MISFET is of the n- 
channel type, p-type impurities (e.g., boron) are intro- 
duced in the retrograde well 1 51 , while n-type impurities 
(e.g., arsenic and phosphorous) with a high density are 
introduced in the source/drain regions 155. The Ti sili- 
cide layers 124 are formed on the surfaces of the gate 
electrode 153 and the source/drain regions 155. Con- 
tact holes are formed through the interlayer insulating 
film 125 so as to reach the gate electrode 153 and the 
source/drain regions 155. The contact holes are filled 
with W plugs 126, and metal interconnects 127 extend 
on the interlayer insulating film 125 so as to be in con- 
tact with the W plugs 126. 

[0092] In this embodiment, the Si/Si!. x Ge x layer 
111 is formed over the first oxide film 108 roughly uni- 
formly in the HBT formation region Rbp with no SiGe 
islands being formed. Therefore, in this embodiment, in 
addition to the effects described in EMBODIMENT 1, 



the effect of avoiding the conventional problems relating 
to the formation of SiGe islands is obtained. 
[0093] Hereinafter, the fabrication process for real- 
izing the structure shown in Figure 6 will be described 
5 with reference to Figures 7(a) and 7(b) through 11(a) 
and 11(b), which are cross-sectional views illustrating 
the steps of the fabrication method of the SiGe-BiCMOS 
device of EMBODIMENT 2. 

[0094] In the step shown in Figure 7(a), a Si single- 

10 crystalline layer is grown by epitaxy while being doped 
with n-type impurities, or grown by epitaxy followed by 
high-energy ion implantation, to form the n-type retro- 
grade well 101 having a depth of about 1u m in the 
upper portion of the Si (001) substrate 100 in the HBT 

is formation region Rbp. Alternatively, the retrograde well 
101 may be formed by merely implanting ions in part of 
the Si substrate 100 without involving the epitaxial 
growth. In either case, the density of the n-type impuri- 
ties in the surface region of the Si substrate 100 in the 

20 HBT formation region Rbp should be adjusted to about 
1x10 17 atoms • cm' 3 so that the surface region can 
serve as the collector layer of the HBT In the MISFET 
formation region Rms, the retrograde well 151 is formed 
by ion implantation. The retrograde well 151 is a p-type 

25 well if a nMISFET is to be formed, while it is an n-type 
well if a pMISFET is to be formed. 
[0095] Thereafter, the shallow trench 103 filled with 
silicon oxide and the deep trench 104 composed of the 
undoped polysilicon film 105 and the silicon oxide film 

30 106 surrounding the undoped polysilicon film 105 are 
formed as the device isolation so as to have depths of 
about 0.35 n m and 2 \i m, respectively. The region 
sandwiched by the adjacent shallow trenches 103 is 
defined as the collector layer 102. The n + collector 

35 drawing layer 107 is formed in the region of the Si sub- 
strate 100 isolated from the collector layer 102 by the 
shallow trench 103 for securing contact with a collector 
electrode. In this step, the width W2 of the active region 
is determined by the distance between the adjacent 

40 shallow trenches 1 03. In this embodiment, the width W2 
of the active region is made smaller than that of the con- 
ventional HBT The shallow trenches 103 having the 
same depth are also formed in the MISFET formation 
region Rms. 

45 [0096] In the step shown in Figure 7(b), the gate 
insulating film 152, the gate electrode 153, the oxide 
film side-walls 154, the source/drain regions 155, and 
the like constituting each MISFET of the CMOS device 
are formed by a normal fabrication method. 

so [0097] In the step shown in Figure 8(a), the first 
oxide film 108 having a thickness of about 30 nm is 
formed by CVD using tetraethoxysilane (TEOS) and 
oxygen at a temperature of 680°C, and sequentially the 
polysilicon layer 109 having a thickness of about 50 nm 

55 is formed. Thereafter, the polysilicon layer 1 09 is pat- 
terned by dry etching or the like, and then the first oxide 
film 108 is wet-etched with hydrofluoric acid or the like, 
to form the collector opening 110 having the width W3 
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that is larger than the width W2 of the active region 
through the first oxide film 1 08 and the polysilicon layer 
109 in the HBT formation region Rbp. That is, the col- 
lector opening 1 1 0 is made wider than the active region 
by forming the collector opening 110 so that the active 5 
region-isolation junctions Rai (boundaries between the 
shallow trenches 103 and the surface portion of the Si 
substrate 100) are located within the range of the collec- 
tor opening 110. In fact, the width of the collector open- 
ing 110 is substantially the same as that of the 
conventional HBT. As a result that the distance between 
the shallow trenches 103 is made smaller than that of 
the conventional HBT, the width W3 of the collector 
opening 110 becomes relatively larger than the width 
W2 of the active region. This arrangement however may 
cause the problem of increased basecol lector leak cur- 
rent due to stress generated at the junction of different 
materials if no measures are taken. In order to avoid this 
problem, the junction leak prevention layers 113 are 
formed as will be described later. 
[0098] In the MISFET formation region Rms, also, 
the first oxide film 108 and the polysilicon layer 109 are 
formed on the Si substrate 100 covering the sidewalls 
1 54 and the gate electrode 153. The first oxide film 1 08 
and the polysilicon layer 109 in this region are left as 
they are without being patterned. 
[0099] In the step shown in Figure 8(b), the portion 
of the surface of the Si substrate 100 exposed inside the 
collector opening 1 1 0 is treated with a mixture of ammo- 
nium hydroxide and hydro peroxide to form a protection 
oxide film having a thickness of about 1 nm on the 
exposed portion. The resultant wafer in this state is 
placed in a chamber of a UHV-CVD apparatus, where 
the wafer is heat-treated in a hydrogen atmosphere to 
remove the protection oxide film and then a gas of disi- 
lane (Si 2 H 6 ) and germane (GeH 4 ) containing diboran 
(B 2 H 6 ) for doping is introduced into the chamber while 
heating to 550°C. to allow the Si-j^Gex layer to be grown 
by epitaxy to a thickness of about 60 nm over the area 
covering the exposed surface of the Si substrate 100 
inside the collector opening 110 and the polysilicon 
layer 109. Subseopening 110 and the polysilicon layer 
109. Subsequent to the formation of the Si^Gex layer, 
the supply gas to the chamber is changed to disilane, to 
grow the Si layer having a thickness of about 10 nm by 
epitaxy on the Si^Gex layer, thereby forming the Si/Si^ 
x Ge x layer 111. In the MISFET formation region Rms, 
also, the Si/Sit. x Ge x layer 111 is formed on the polysili- 
con layer 109. At this time, while the Si^Gex layer 
doped with boron (B) is of the p-type having a boron 
density of about 2x1 0 1 8 atoms • cm" 3 , the Si layer is not 
doped with impurities. 

[0100] In the formation of the Si/Sn _ x Ge x layer 111 
by UHV-CVD, in the conventional fabrication technique, 
the SiGe islands 51 1b are formed on the first oxide film 
508 since Si and Ge atoms supplied on the first oxide 
film 508 fail to form a uniform film (see Figures 13(b) 
and 17(b)). In this embodiment, however, with the poly- 



silicon layer 109 formed on the first oxide film 108, no 
SiGe islands will be formed even if the strict conditions 
for selective growth fail to be satisfied. More precisely, 
while a single-crystalline Si/Si^Gey layer is formed on 
the exposed portion of the Si substrate 100 inside the 
collector opening 110, a uniform polycrystalline Si/Si^ 
x Ge x layer is formed on the polysilicon layer 109 in the 
HBT formation region Rbp and the MISFET formation 
region Rms. Likewise, while a single-crystalline Si layer 
is formed on the Si/Si^Ge* layer inside the collector 
opening 110, a polycrystalline Si layer is formed above 
the polysilicon layer 109 in the HBT formation region 
Rbp and the MISFET formation region Rms. 
[01 01 ] In the step shown in Figure 9(a), the second 
oxide film 112 having a thickness of 30 nm as an etch 
stopper is formed on the resultant wafer, and then pat- 
terned by dry etching using a resist mask Re2 formed 
on the second oxide film 112 to form the base junction 
openings 114 in the HBT formation region Rbp. As a 
result, the center of the Si/si^Gex layer 111 is covered 
with the second oxide film 112, while the portions of the 
Si/Sit. xGe x layer 111 are exposed inside the base junc- 
tion opening 114. Thereafter, p-type impurities such as 
boron (B) are implanted using the resist mask Re2 used 
for the formation of the base junction openings 114, to 
form the junction leak prevention layers 113 having a 
density of the impurities of about 3x10 17 atoms • cm* 3 
in the surface portion as the measures for minimizing 
the influence of stress at the active region-isolation 
junctions Rai in the HBT formation region Rbp. 
[01 02] In the step shown in Figure 9(b), the p + poly- 
silicon layer 115 doped with impurities at a high density 
of about 1 x10 20 atoms • cm" 3 or more is deposited to 
a thickness of about 150 nm and subsequently the third 
oxide film 117 is deposited to a thickness of about 100 
nm, on the resultant wafer by CVD. The third oxide film 
117 and the p + polysilicon layer 115 in the HBT region 
Rbp are then patterned by dry etching to form the base 
opening 118 at the centers thereof so as to reach the 
second oxide film 112. The base opening 118 is made 
smaller than the center portion of the second oxide film 
112 so as not to overlap the base junction openings 
114. Thus, in this step, the external base 1 16 composed 
of the p + polysilicon layer 115 and the portion of the 
Si/Si^xGex layer 111 excluding the center thereof is 
formed. In this embodiment, as in EMBODIMENT 1, 
unlike the step for the conventional HBT shown in Fig- 
ure 14(b), the side portions of the third oxide film 117, 
the p + polysilicon layer 115, the Si/Si^Gex layer 111, 
and the polysilicon layer 109 as viewed from the figure 
are left unetched. By doing this, as in EMBODIMENT 1 , 
the problem caused by residual n+ polysilicon left on the 
side faces of the p + polysilicon layer 115 and the like 
can be prevented. In addition, it is possible to prevent 
the MISFET formation region and the like from being 
polluted with Ge that may otherwise come from the 
exposed faces of the Si/Si-, _ x Ge x layer. The third oxide 
film 117 and the p + polysilicon layer 115 in the MISFET 
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formation region Rms are entirely left unetched. 
[0103] In the step shown in Figure 10(a), the fourth 
oxid film 1 20 having a thickness of about 30 nm and a 
polysilicon film having a thickness of about 150 nm are 
deposited by CVD on the entire surface of the resultant 
wafer. The polysilicon film is then etched back by aniso- 
tropic dry etching to form the sidewalls 121 made of 
polysilicon on the side faces of the p + polysilicon layer 
115 and the third oxide film 117 in the HBT formation 
region Rbp via the fourth oxide films 120. The fourth 
oxide films 120 and the polysilicon film in the MISFET 
formation region Rms are entirely removed. The wafer 
is then subjected to wet etching with hydrofluoric acid to 
remove the exposed portions of the second oxide film 
1 12 and the fourth oxide films 120. By this wet etching, 
the Si layer of the Si/Si i. x Ge x layer 111 is exposed 
inside the base opening 118. In addition, since the wet 
etching is anisotropic, the second oxide film 112 and the 
fourth oxide film 120 are also etched in the transverse 
direction, resulting in increasing the size of the base 
opening 118. The width W1 of the base opening 118 is 
thus determined by this wet etching. In this embodi- 
ment, the surface of the Si substrate 100 is protected 
from being exposed during this wet etching since the n + 
collector drawing layer 107 and the like in the Si sub- 
strate 100 are covered with the p + polysilicon layer 115 
and the like. 

[0104] In the step shown in Figure 10(b), the n + 
polysilicon layer 129 having a thickness of about 250 
nm is deposited, and the n + polysilicon layer 129 and 
the third oxide film 117 are patterned by dry etching to 
form the emitter drawing electrode only in the HBT for- 
mation region Rbp. In the MISFET formation region 
Rms, the n + polysilicon layer 1 29 and the third oxide film 
117 are completely removed. In this embodiment, since 
the outer portions of the p + silicon layer 115 are not pat- 
terned, no sidewalls will be formed on the outer sides of 
the p + silicon layer 115 during this dry etching. In addi- 
tion, the surface of the n + collector drawing layer 107 
and the like will not be etched by over-etching of the n + 
polysilicon layer 129, and thus the surface of the Si sub- 
strate 1 00 will not be made uneven. 
[0105] In the step shown in Figure 11(a), the p + 
polysilicon layer 115, the second oxide film 112, the 
Si/Si^Ge* layer 111, and the polysilicon layer 109 are 
patterned by dry etching to define the profile of the 
external base 116. In the MISFET formation region 
Rms, the p + polysilicon layer 115, the second oxide film 
112, the Si/Si-|. x Ge x layer 111, and the polysilicon layer 
109 are all removed. 

[0106] In the step shown in Figure 11(b). an oxide 
film having a thickness of about 120 nm is deposited on 
the resultant wafer and dry-etched to form the sidewalls 
1 23 on the side faces of the n + polysilicon layer 129 and 
the p + polysilicon layer 115 in the HBT formation region 
Rbp. In the MISFET formation region Rms, the side- 
walls 123 are deposited on the L-shaped portions of the 
first oxide film 1 08 on the sidewalls 1 54 of the gate elec- 



trode 153. By this dry etching (over-etching), also, th 
exposed portions of the first oxide film 108 and the like 
are removed to expose the surfaces of the n + polysilicon 
layer 1 29, the p + polysilicon layer 115, and the n + collec- 
5 tor drawing layer 107 in the HBT formation region Rbp 
and the surfaces of the gate electrode 153 and the 
source/drain regions 155 in the MISFET formation 
region Rms. 

[0107] Thereafter, the following processing is per- 
io formed to obtain the structure shown in Figure 6. First, 
Ti is deposited to a thickness of about 40 nm on the 
entire surface of the resultant wafer by sputtering, and 
the resultant surface is subjected to RTA (rapid thermal 
annealing) at 675°C for 30 seconds to form the Ti sili- 
15 cide layers 124 on the exposed surfaces of the n + poly- 
silicon layer 129, the p + polysilicon layer 115, and the n + 
collector drawing layer 107 in the HBT formation region 
Rbp and the exposed surfaces of the gate electrode 
153 and the source/drain regions 155 in the MISFET 
20 formation region Rms. After selective removal of non- 
reacted portions of the Ti films, the resultant wafer is 
annealed to change the crystal structure of the Ti sili- 
cide layers 1 24. 

[0108] The interlayer insulating film 125 is then 
25 formed over the entire surface of the wafer, and the con- 
tact holes are formed therethrough to reach the n + poly- 
silicon layer 129, the p + polysilicon layer 115, and the n + 
collector drawing layer 107 in the HBT formation region 
Rbp and the gate electrode 153 and the source/drain 
30 regions 155 in the MISFET formation region Rms. The 
contact holes are then filled with W films to form the W 
plugs 126. An aluminum alloy film is then deposited on 
the entire surface of the wafer and patterned to form the 
metal interconnects 127 extending on the interlayer 
35 insulating film 125 to be connected with the W plugs 
126. 

[0109] By the process described above, the HBT 
and MISFET having the structures shown in Figure 6, 
that is, the HBT including the collector made of n-type 

40 Si, the base made of p + -type Si-|. x Ge x ,and the emitter 
made of n + -type Si and the MISFET including the gate 
insulating film, the polysilicon gate electrode, and the 
source/drain regions, are realized. It should be noted 
that the Si layer of the Si/Si -,_ x Ge x layer 111 has been 

45 changed to an n + -type Si layer with a high density of n- 
type impurities (phosphorus, etc.) diffused from the n + 
polysilicon layer 129. 

[0110] In this embodiment, in addition to the effect 
obtained in EMBODIMENT 1 described above, the fol- 

50 lowing effect can be obtained. 

[0111] In the conventional fabrication method of a 
SiGe-BiCMOS device, it is attempted to selectively grow 
the Si^xGex layer on the portion of the substrate inside 
the collector opening 110 in the HBT formation region. 

55 For this selective growth, strict conditions must be satis- 
fied. In the actual steps, therefore, SiGe islands are 
often generated on the first oxide film 108, causing var- 
ious problems. In the fabrication method in this embodi- 
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merit, however, the polysilicon layer 109 is formed on 
the first oxide film 1 08 before the Sh .yGe* layer is grown 
by epitaxy on the exposed surface of the substrate 
inside the collector opening 1 1 0. By the existence of the 
polysilicon layer 109, a polycrystallin Si^Ge* layer 5 
having a roughly uniform thickness is deposited on the 
polysilicon layer 109 without fail, irrespective of whether 
or not the selective epitaxial growth conditions are satis- 
fied. Therefore, no SiGe islands will be formed, and thus 
unevenness of the surfaces of the substrate and the 10 
second oxide film 112 is minimized without fail. 

(Other embodiments) 

[0112] In the above embodiments, the Si^Ge* is 
layer may be replaced with another film made of a mate- 
rial containing Si other than the Si material, such as Si-|. 
x . y GexCy (0^x+y^1) and Sh. y C y (0^y=M). Alternatively, 
a laminated film composed of two or more of the Sh_ x . 
Gex layer, the Si^Ge^y layer, the Si^yCy layer, and 20 
the like may be used. 

[01 1 31 The bipolar transistors in the above embodi- 
ments are not necessarily limited to the hetero bipolar 
transistor. Reducing the transistor area and minimizing 
leak at junctions are also challenges to be addressed 25 
for bipolar transistors using a Si layer grown by homo- 
epitaxy as a base. The conditions for selective epitaxial 
growth for these bipolar transistors are also unstable, 
generating islands in some cases. 

[0114] The steps of the fabrication method of the 30 
bipolar transistor according to the present invention are 
not limited to the specific steps disclosed in the above 
embodiments. For example, the Si emitter layer can 
also be formed in other ways. For example, the Si-|. x Ge x 
layer may be formed in place of the Si/Si^Gex layer 35 
and thereafter the Si layer may be grown by epitaxy only 
on the portion of the Si^Gex layer exposed inside the 
base opening. The fourth oxide film 120 and the side- 
wall 1 21 may also be formed in a manner other than that 
disclosed in the above embodiments. It would be under- 40 
stood that in the actual formation of the other compo- 
nents, also, other known methods capable of forming 
components having functions equivalent to those pro- 
vided by the intended components might be employed. 
[0115] In EMBODIMENT 2, the polysilicon layer 45 
109 formed on the first oxide film 108 may be replaced 
with a film made of another material that allows the Si^ 
xGex layer, the Si-i-x.yGexCy layer, or the Sii.yCy layer to 
be selectively grown thereon. A film for selective growth 
is formed preferentially on an underlying layer having a so 
function of reducing the source gas. Accordingly, films 
having the reduction function, such as an amorphous 
silicon film and a silicon nitride film, can be used in 
place of the polysilicon layer. 

[0116] In the above embodiments, all the oxide 55 
films are preferably silicon oxide films formed at a tem- 
perature of 700°C or lower. This minimizes degradation 
of the density profile of impurities in the relevant compo- 



nents of the semiconductor device. 
[0117] While the present invention has been 
described in a preferred embodiment, it will be apparent 
to those skilled in the art that th disclosed invention 
may be modified in numerous ways and may assume 
many embodiments other than that specifically set out 
and described above. Accordingly, it is intended by the 
appended claims to cover all modifications of the inven- 
tion which fall within the true spirit and scope of the 
invention. 

Claims 

1. A semiconductor device serving as a bipolar tran- 
sistor formed at an active region of a semiconductor 
substrate, the semiconductor device comprising: 

device isolation regions formed in portions of 
the semiconductor substrate for surrounding 
the active region; 

a collector layer of a first conductivity type 
formed in a region of the semiconductor sub- 
strate sandwiched by the device isolation 
regions; 

an insulating layer formed on the semiconduc- 
tor substrate, the insulating layer having a col- 
lector opening of which range covers the 
collector layer and portions of the device isola- 
tion regions; 

a base layer of a second conductivity type 
formed on the portion of the semiconductor 
substrate located within the collector opening 
and on the insulating layer, the base layer 
including an internal base and an external base 
surrounding the internal base; and 
an emitter layer of the first conductivity type 
formed on the internal base. 

2. The semiconductor device of Claim 1 , further com- 
prising junction leak prevention layers located in 
regions of the semiconductor substrate right under 
the external base and adjacent to the device isola- 
tion regions, the junction leak prevention layers 
including impurities of the second conductivity type. 

3. A method for fabricating a semiconductor device 
serving as a bipolar transistor having an emitter 
layer, a base layer, and a collector layer formed at 
an active region of a semiconductor substrate, the 
method comprising the steps of: 

(a) forming device isolation regions in portions 
of the semiconductor substrate for surrounding 
the active region; 

(b) forming a collector layer of a first conductiv- 
ity type in a region of the semiconductor sub- 
strate sandwiched by the device isolation 
regions; 
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(c) after the steps (a) and (b), depositing a first 
insulating layer on the semiconductor substrate 
and then forming a collector opening through a 
portion of the first insulating layer so that the 
range of the collector opening covers the col- 5 
lector layer and portions of the device isolation 
regions; and 

(d) forming a semiconductor layer of a second 
conductivity type on the portion of the semicon- 
ductor substrate located inside the collector 10 
opening for defining at least an internal base 
and an external base surrounding the internal 
base. 

4. The method of Claim 3, further comprising the is 
steps of: 

(e) after the step (d), forming a second insulat- 
ing layer on the semiconductor substrate, and 
then forming base junction openings by remov- 20 
ing portions of the second insulating layer rang- 
ing from positions located above peripheries of 
the semiconductor layer to positions located 
above inner ends of the device isolation 
regions while remaining a portion of the second 25 
insulating layer located above a center of the 
semiconductor layer, by etching using a pat- 
terned photoresist; and 

(f) forming junction leak prevention layers by 
introducing impurities of the second conductiv- 30 
rty type in regions of the semiconductor sub- 
strate located under the base junction 
openings. 

5. The method of Claim 3, further comprising the 35 
steps of: 

(e) after the step (d), forming a second insulat- 
ing layer on the semiconductor substrate, and 
then forming base junction openings by remov- 40 
ing portions of the second insulating layer 
located above peripheries of the semiconduc- 
tor layer while remaining a portion of the sec- 
ond insulating layer located above a center of 

the semiconductor layer, by etching using a 45 
patterned photoresist; 

(f) depositing a first conductor layer and a third 
insulating layer on the semiconductor sub- 
strate, and then forming a base opening 
through the first conductor layer and the third so 
insulating layer to reach a portion of the second 
insulating layer left on the internal base; 

(g) forming a fourth insulating layer covering a 
side face of the first conductor layer exposed in 

the base opening; 55 

(h) removing a portion of the second insulating 
layer left on the internal base of the semicon- 
ductor layer exposed inside the base opening 



to expose a portion of the semiconductor layer 
on the bottom of the base opening; 
(i) after th step (h), forming a second conduc- 
tor layer burying the base opening; and 
(j) after the step (i), removing side portions of 
the first conductor layer and the third insulating 
layer by etching to expose a portion of the sem- 
iconductor substrate to be used as a collector 
drawing layer. 

6. A method for fabricating a semiconductor device 
including a bipolar transistor having at least an 
emitter layer, a base layer, and a collector layer and 
MISFET having at least a gate insulating film, a 
gate electrode, and source/drain regions, formed 
on a semiconductor substrate, the method compris- 
ing the steps of: 

(a) forming the collector layer of the bipolar 
transistor in a bipolar transistor formation 
region and forming the gate insulating film, the 
gate electrode, and the source/drain regions of 
the MISFET in a MISFET formation region; 

(b) depositing a first insulating layer and a 
reductive film on the semiconductor substrate, 
and then removing a portion of the first insulat- 
ing layer and the reductive film located above 
the collector layer in the bipolar transistor for- 
mation region to form a collector opening; and 

(c) growing by epitaxy a semiconductor layer of 
a second conductivity type on a portion of the 
semiconductor substrate located inside the col- 
lector opening and the reductive film for form- 
ing at least an internal base and an external 
base surrounding the internal base. 

7. The method of Claim 6, wherein in the step (c) the 
semiconductor layer is formed so as to include at 
least one of Si^Gex (O^x^ 1), Si^.yGexCy 
(0^x+y^1), and Si^yCy (0^1). 

8. The method of Claim 6. wherein in the step (b) the 
reductive film is formed to include one material 
selected from the group consisting of polysilicon, 
amorphous silicon, and silicon nitride. 

9. The method of Claim 6, further comprising the 
steps of: 

(d) after the step (c), forming a second insulat- 
ing layer on the semiconductor substrate, and 
then removing portions of the second insulat- 
ing layer located above peripheries of the sem- 
iconductor layer while remaining a portion of 
the second insulating layer located above a 
center of the semiconductor layer to form base 
junction openings; 

(e) depositing a first conductor layer and a third 
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insulating layer on the semiconductor sub- 
strate, and then forming a base opening 
through portions of the first conductor layer and 
the third insulating layer to reach a portion of 
the second insulating layer left on the internal 
base; 

(f) forming an inter-electrode insulating layer 
covering a side face of the first conductor layer 
exposed in the base opening; 

(g) removing a portion of the second insulating 
layer left on the internal base of the semicon- 
ductor layer exposed in the base opening by 
etching to expose a portion of the semiconduc- 
tor layer on the bottom of the base opening; 

(h) forming a second conductor layer to be 
used as an emitter drawing electrode burying 
the base opening; 

(i) removing part of the third insulating layer, 
the first conductor layer, the semiconductor 
layer, and the reductive film in the bipolar tran- 
sistor formation region, and the entire of the 
third insulating layer, the first conductor layer, 
the semiconductor layer, and the reductive film 
in the MISFET formation region; 

G) after the step (i), depositing an insulating film 
on the semiconductor substrate and etching 
back the insulating film to form sidewalls on 
side faces of the first conductor layer, the sem- 
iconductor layer, and the reductive film in the 
bipolar transistor formation region and on the 
side faces of the gate electrode in the MISFET 
formation region; and 

(k) removing the first insulating layer to expose 
portions of the semiconductor substrate to be 
used as a collector drawing layer in the bipolar 
transistor formation region and the 
source/drain regions in the MISFET formation 
region. 

10. The method of Claim 9, wherein the steps Q) and (k) 
are performed simultaneously. 

1 1 . The method of Claim 6, wherein at least one of the 
insulating layers comprises a silicon oxide film 
formed at a temperature of 700°C or lower. 

12. The method of Claim 6, wherein in the step (c) the 
semiconductor layer is formed by sequentially 
depositing a layer made of at least one of Si-|_ x Ge x 
(0^x^1), Si^x.yGexCy (0^ x+y^1) and Si x . y C y 
(0%^1) and a Si layer, and 

the method further comprises the steps of: 



the second insulating layer located above a 
center of the semiconductor layer to form base 
junction openings; 

( ) depositing a first conductor layer and a third 
5 insulating layer on the semiconductor sub- 

strate, and then forming a base opening 
through portions of the first conductor layer and 
the third insulating layer to reach a portion of 
the second insulating layer left on the internal 
10 base; 

(f) forming an inter-electrode insulating layer 
covering a side face of the first conductor layer 
exposed in the base opening; 

(g) removing a portion of the second insulating 
is layer left on the internal base of the semicon- 
ductor layer exposed in the base opening by 
etching to expose a portion of the semiconduc- 
tor layer on the bottom of the base opening; 

(h) after the step (g), forming a second conduc- 
20 tor layer to be used as an emitter drawing elec- 
trode burying the base opening; and 

(i) diffusing impurities of a first conductivity type 
to part of the Si layer from the second conduc- 
tor layer to form an emitter layer in the Si layer. 

25 

13. The method of Claim 12, further comprising the 
steps of: 

(j) removing part of the third insulating layer, 
30 the first conductor layer, the semiconductor 

layer, and the reductive film in the bipolar tran- 
sistor formation region, and the entire of the 
third insulating layer, the first conductor layer, 
the semiconductor layer, and the reductive film 
35 in the MISFET formation region; 

(k) after the step (j), depositing an insulating 
film on the semiconductor substrate and etch- 
ing back the insulating film to form sidewalls on 
side faces of the first conductor layer, the sem- 
40 iconductor layer, and the reductive film in the 

bipolar transistor formation region and on the 
side faces of the gate electrode in the MISFET 
formation region; and 

(I) removing the first insulating layer to expose 
45 portions of the semiconductor substrate to be 

used as a collector drawing layer in the bipolar 
transistor formation region and the 
source/drain regions in the MISFET formation 
region. 

50 

14. The method of Claim 13, wherein the steps (k) and 
(I) are performed simultaneously. 



35 



40 



45 



(d) after the step (c), forming a second insulat- 
ing layer on the semiconductor substrate, and ss 
then removing portions of the second insulat- 
ing layer located above peripheries of the sem- 
iconductor layer while remaining a portion of 
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